Background: Health research has scientific, social and political impacts. To achieve such impacts, several institutions need to participate; however, health research funding institutions are seldom nominated in the literature as essential players. The attention they have received has so far focused mainly on their role in knowledge translation, informing policy-making and the need to organise health research systems. In this article, we will focus solely on the governance of national health research funding institutions. Our objectives are to identify the main functions of governance for such institutions and actionable governance functions. This research should be useful in several ways, including in highlighting, tracking and measuring the governance trends in a given funding institution, and to forestall low-level governance. Methods: First, we reviewed existing frameworks in the grey literature, selecting seven relevant documents. Second, we developed an integrated framework for health research funding institution governance and management. Third, we extracted actionable information for governance by selecting a mix of North American, European and Asian institutions that had documentation available in English (e.g. annual report, legal status, strategy). Results: The framework contains 13 functions -5 dedicated to governance (intelligence acquisition, resourcing and instrumentation, relationships management, accountability and performance, and strategy formulation), 3 dedicated to management (priority-setting, financing and knowledge transfer), and 5 dedicated to transversal logics that apply to both governance and management (ethics, transparency, capacity reinforcement, monitoring and evaluation, and public engagement).
Background
Research governance needs careful consideration, not only for the sake of good governance but also for the added benefits gained from an efficient health research sector in terms of the health of the population. To reinforce research governance, some actors advocate and push for the strong and explicit handling of fragmented science policypolicy-makers push for a pragmatic research agenda where there are benefits to the economy or to population groups, researchers advocate for the steering of research on health systems governance, and research organisations, such as universities and research funding institutions, decide on topics of focus and ways to attribute funds.
Health research, and research in general [1] , has scientific, social and political impacts [2] . Health research performance can be measured in terms of productivity (i.e. number of papers per researcher), quality (i.e. number of highly cited papers), impact on healthcare quality, health status or the economic value of patented products (i.e. new devices) [3] , and public engagement [4] [5] [6] . While there is no international consensus on the best indicators for health research [7] , and there are limitations inherent to its metrics (time, attribution, etc. [8] ), there is now consensus that the benefits of health research require counting, and that "how health research systems should best be organized is moving up the agenda of bodies such as the World Health Organization" [9] .
Health research systems vary noticeably across countries, for instance, within the Western Pacific region [10] , eastern Mediterranean countries [11] , Latin American countries [12] or African countries [13, 14] . A comprehensive framework would provide tools to compare systems, facilitate the identification of the range of options and guide the measurement of their characteristics in order to point out ideas for complementary arrangements.
About governance of health research by funding institutions
Health research funding institutions with a national scope encompass politics and government, advisory bodies, organisations funding research, intermediary organisations and institutions performing research, either agencies, ministries or institutes (henceforth named institutions); we refer to funding institutions of science or of health science systems that are publicly run and that cover basic and applied health research. Tetroe refers to major public research funders responsible for funding health research at the national level [15] .
Few frameworks on health research systems are available. Two characteristics can be distinguished, namely governance and/or management functions. Though the 'governance' and 'management' of research might be understood and used as synonyms [16] , we distinguish governance functions from those of management based on notions of internal and external environments. Following Mitchell and Shortell's [17] typology of governance and management functions, we consider governance as being primarily concerned with positioning health research relative to the external environment in which it operates, while management is primarily concerned with daily tasks and implementation.
Broadly speaking, governance of health research "is a framework through which institutions are accountable for the scientific quality, ethical acceptability and safety of the research they sponsor or permit" [16] .
Some frameworks might consider the health research delivery level or they may be more generic. In general, they mainly emphasise what governance or management features need to be enacted inside the organisations that deliver research, such as universities and research centres, highlighting the roles of researchers and public administrators [16, 18] or even the potential role of policy-makers [15, 19, 20] . Research funding institutions are seldom nominated in the literature as essential players in health research governance (HRG). Indeed, research on funding institutions has not received broad attention [21] [22] [23] [24] but is slowly growing with WHO's Health Research Policy and Systems initiative [9] and reflections on knowledge translation [25] . We will focus solely on HRG and the management of national funding institutions.
The intent of this paper is to provide an overall framework of HRG and management for funding institutions. The content is designed to support health research reformers, funding institution managers and government officials in charge of health research development. It applies to all research under the responsibilities of funding institutions, be it health services, public health, biomedical or clinical research.
We will first provide a framework of research governance and management applied to the health domain for funding institutions. We will then present international cases of funding institutions and how they enact functions and build upon case descriptions to draw some practical applications of the HRG functions for funding institutions. We finally discuss the applications for funding institutions.
Methods

Review of existing frameworks
Existing frameworks (Table 1) were identified via a grey literature search for all hits on Google using the following keywords: frame* OR model, combined with "Health research governance" OR "governance of health research" OR ("research for health" + "governance") anywhere in the page. We also ran Google scholar [26, 27] , searching anywhere in the article, for the first 600 hits using the following keywords in the title: "Health research governance" OR "governance of health research" OR ("research for health" + "governance").
We excluded references that were specific to one theme, for example, genomic or epidemic, as well as those dedicated to one institutional level (e.g. university), private institutions, advocacy-oriented institutions (e.g. think tanks), or a single aspect of governance (e.g. law, ethics) or a population (e.g. librarians). We included references that were specific to public organisations (e.g. agency, ministry, institute) and the national level.
Theoretical development of conceptual integrated framework
The methodology to develop the framework of HRG is based on the integration of the existing frameworks related to (health) research governance and to the governance of health [28] .
One author of the present paper read the identified frameworks and classified the dimensions lists as per their governance, management or principles content. Whenever the authors provided a classification, we copied and pasted what they considered governance, management or principles into our documentation. When authors did not provide any specific classification, we used the definitions of governance and management used to develop the integrated framework. Governance refers to broad functions or 'know-why', the vision and relationships to the external environment, management refers to 'know-what' and operational daily tasks carried out within the environment of the institution, and transversal functions refer to 'know-how'. Those transversal functions are, in essence, the principles that apply to governance and management functions.
Practical application of newly developed framework to a sample of institutions
The methodology used to analyse cases was a two-step process involving the selection of countries (Table 2) and institutions (Table 3) . We sought research funding institutions from a diversity of countries. The selection of countries rests upon the acknowledged leadership in English-speaking health research production and a mix of North American, European and Asian countries.
The criteria for being a major provider of research funds were being funding institutions from the public sector, national in scope, funding health-related research and being a major provider of research funds. A team composed of professors, researchers, consultants and managers from funding institutions and research centres (total of 6 individuals; 2 from the field of governance, 1 finance, 1 academic training, 2 international management, equally coming from academic and practical background; 4 of these directly worked with funding institutions) selected the cases.
The information included in this study was extracted from documentary sources, including reports of the selected funding institutions available as of November 2018 (annual report, strategic plan), related strategic information whenever available from the website of the selected funding institutions as consulted in November 2018 (e.g. organisational chart, procedures, mission), and the legal status of the selected funding institutions (i.e. the constitutive act in force) (See Appendixdata sources for further details). Some institutions documented their strategy and actions at much more detailed levels than others; we considered what was mentioned independently of the level of detail.
One member of the study team read through all documentation, and then extracted and classified information relevant to the stated dimensions of the framework (Tables  6, 7, 8, 9 and 10) . A round of verification and collection of complementary data took place by sending a request to each institution for comments from the direction of communication, cc'd to the contact of the head manager of each funding institution. Out of seven institutions contacted, we received three answers. The institutions were asked for the following information: (1) to complete information about their institution, and (2) to comment on the validity of the five governance-related dimensions (e.g. Do they make sense to you? Are they clear? Anything missing?).
Results
Brief review of the existing frameworks
A national framework on HRG outlines the understanding of a government about its vision of health research, internal and external roles, and the philosophy behind running high-standard health research. It is a formal statement on how to improve research and safeguard the public [29] . It gives clear directions on what to work on and how to practice efficiently in order for the population to benefit from health research results and new knowledge. Such frameworks eventually include people, institutions and activities, and enable the health research system to generate and use knowledge for the benefits of health. A [10] ; the Canadian Institutes of Health Research (CIHR) offers principles and stewardship details for the collection and use of data overall [34] ; the European Observatory mainly provides a set of principles that can be divided into managerial and governing mechanisms [35] ; and, finally, the Australian Research Council sets a step-wise framework to manage research projects [36] .
Some frameworks focus more on research governance for research institutions (universities, etc.), others encompass research governance for funding institutions. Indeed, the National Institute for Health and Care Excellence (NICE) and the National Health and Medical Research Agency (NHMRC) frameworks focus extensively on the aspects that need to be considered by an institution receiving NICE or NHMRC funds. In these frameworks, dimensions are closer to a set of steps to be filled from the inception to the closing of a research project. All other frameworks refer to governance (sometimes called "stewardship" by Pang et al. [33] ), management and a set of more or less detailed principles. Explicit concerns for ethics and public participation are prevalent among these principles (see Table 4 , columns C1 to C8).
Some frameworks provide an overarching set of dimensions, whereas others delve into the specifics of either management or governance. Indeed, the COHRED and European Observatory frameworks are both designed as overarching frames, covering multiple dimensions. In the case of COHRED, 15 dimensions provide many details on principles for managerial-or governance-related aspects. The European Observatory framework similarly gives a broad view of what dimensions to consider, although it condenses the number of dimensions down to five.
The European Observatory framework appears as the most overarching framework. Each of the principles proposed is accompanied by a set of specific mechanisms that help those in charge of governance or managerial functions to act accordingly. For instance, the principle 'accountability' includes mechanisms for managerial functions, such as competitive bidding, and some mechanisms for governance purposes such as conflict of interest policies and codes of conduct.
The COHRED framework is based on 'key aspects' of health research and has 'action guidelines' attached to each of them, covering governance and management functions. Key aspects include a conducive environment for ethics and leadership, a solid base of policies, priorities and management, and the ability to perform and produce in the areas of resources, optimisation and international integration. It is formatted in the spirit of a step-by-step guide to improving research governance at the national and institutional levels. It lists good practices and advice such as formalising partnership arrangements and ensuring transparency through the ranking process.
Pang et al.'s [33] framework builds four functions. One essential pillar is 'stewardship', whereby vision, priorities and monitoring provide direction for health research. 'Financing' makes it possible to get funds in and to allocate funds with accountability; the 'creation and sustainability of human and physical resources' and 'the production and use of research' complete the framework. Note that production and use of research belongs to both the governance functions and the management functions categories if organisations are performing research and knowledge transfer. Accountability is related to financing.
Rani et al. [10] propose essential governance and management functions based on consultation with low-and middle-income countries, advocating for the improvement of ethics committees and of registries to record funding and research data. The CIHR framework is organised into five main functions of governance. As the framework relates both to health research and health-related data, the dimensions reported have a digital flavour, focusing on data quality, open access, data visibility and so forth. The transfer of these five broad guiding principles and five components (vision, culture, resources, skills, access) can easily apply to organisations and systems running research projects, right up to health research governing bodies such as funding institutions. This framework is particularly concerned with reaching out to all involved stakeholders and with compulsory actions, specifying who is responsible and what activities have to be checked and approved.
The NICE framework is particularly concerned with each and every person working at or for NICE itself, clarifying the roles, responsibilities and institutions to contact in different scenarios.
NHMRC's Australian framework provides a roadmap for those organisations and systems running research projects who need to comply with high-standard research governance.
All the above frameworks seem relevant for a funding institution. In the following section, we propose an integrated framework. Dimensions that were cited by others are integrated into the encompassing governance and management HRG framework that we propose below. We distinguish which functions are more closely related to management functions and which are more closely related to principles or governance.
Conceptual integrated framework on governance and management of health research by funding institutions
We propose to build the Framework on Governance of Health Research (FGHR) upon these existing frameworks (Table 4 , column C9). FGHR also grows out of our understanding of governance in health research and health systems, our observation of governance practices in health research and health systems, and the inputs from the above frameworks. We acknowledge that, at times, delimitations might be blurry between governance and management functions. Therefore, we decided to organise the FGHR around three groups of functions (governance, management, transversal functions), as presented in The composition of FGHR reflects governance functions, management functions and transversal functions. Governance functions reveal the steering activities that actors and institutions must undertake to ensure a fit between the health research system and the external environment. Management functions correspond to activities to be carried out internally on a daily basis to ensure the pursuit of health research for funding institutions, universities, research centres and principal investigators. Transversal functions qualify management functions and the effects required from the actualisation of governance functions. The term refers to good practices and excellence in the exercise of management and governance in health research, namely transparency, capacity-building, monitoring and evaluation, and ethics.
FGHR is composed of five governance functions, three management functions, and four essential types of knowhow. The framework's five governance functions are 'intelligence acquisition', 'resourcing and instrumentation', 'relationship management', 'accountability and performance', and 'strategy formulation'. Intelligence acquisition is the production and acquisition of the knowledge necessary for providing a vision for the health research that the organisation supports and for the consultation and recruitment of adequate expertise. Resourcing and instrumentation refers to the acquisition and generation of the means to achieve strategic goals through board meetings, reports and reviews, inward flow of monetary resources, and the means to support the development of governance structures and activities such as explicit responsibility and task descriptions. Relationship management is concerned with ensuring good and efficient connections, both with the external environment and internally with insiders such as the direction committee. Accountability and performance relate to the ability of the organisation to exercise good governance through instituting the means to track its own development and activities as a governance structure. This function relates to a reflexive capacity of governance. Formulating mission and vision is the process of setting up the strategic content, mission, vision and priorities with adequate policies and ethical codes to exercise governance functions.
The framework's three management functions are 'priority-setting', 'financing' and 'knowledge transfer'. Priority-setting refers to the process of setting up midterm actions that match the vision of the organisation. Financing refers to the outward flow of monetary resources as funds are allocated. Knowledge transfer covers the organisation's support for knowledge-transfer activities. It can be organisation-led, such as the funding institution facilitating meetings between the scientific community and politicians, or related to research funding, whereby researchers can apply for specific knowledge-transfer grants.
The five transversal functions of the framework are based on essential types of know-how underlying HRG and management; they are 'ethics', 'transparency', 'capacity reinforcement', 'monitoring and evaluation', and 'public engagement'. Ethics refers to the quality of a process, either governance functions or management functions in the selection of board members or in the attribution of grants through peer-review processes. Transparency refers to the disclosure of procedure and results, for example, having clear and publicly available criteria for election to boards and committees, posting the names of successful research grant applicants online, or providing free access to publications. Capacity reinforcement relates to a continuous organisational effort to support the development of human resources, in terms of either board members or staff employed by the organisation in a management function as well as the support for capacity development when funding students. Monitoring and evaluation cover processes of data collection and analysis to follow-up on, estimate the performance of, and benchmark organisational processes and results. Public engagement refers to efforts to reach out and/or integrate the population or groups of the population in an authentic and continuous decisionmaking process.
This FGHR intends to establish principles for carrying out health research at the national level. The scope of the FGHR covers the responsibility of the public system for the governance of health researchfrom the toplevel decision-making organisations that fund research to the recipient organisations that implement research projects in health domains. The framework is directly relevant to those who target, fund, manage, host, conduct, participate and accredit health research. It can theoretically apply to all health research related to studies sponsored by the ministry level, to research carried out within a geographical area, and to research funded totally or partially with national-level public funds.
The framework seeks to establish the essential functions and values of health research conduct. Existing requirements binding research communities or existing laws and requirements designed to protect research participants, to ensure confidentiality, and so forth, are not integrated at this point. The responsibilities of institutions and actors can be defined in future steps.
These governance functions do corroborate some of the governance tasks for research policy and practice in health mentioned by Mitchell and Shortell's [17] , namely obtaining financial resources and providing measures for accountability.
Practical application of the newly developed framework in terms of governance
We further refer to actionable functions as useful actions [37] that bring clear directions [38] to enact governance. We decided to focus solely on governance functions because much is already written on management and ethics in research.
Description of the research environment by case
Each year, funding institutions individually invest between US $90 million and US $31 billion in health research to fund researchers, trainees and projects. Some countries, such as Canada and the United States, organise their budget around thematic research organisations and some countries flag available funding on thematic studies rather than organisations ( Table 5) .
A direct comparison between funding institutions is difficult to establish, with some reporting the prevalence of researchers and trainees currently supported on a yearly basis, others the incidence of researchers and trainees newly funded during the year. A wide diversity prevails in terms of funding models. CIHR in Canada favours investigator-initiated grants, whereby researchers nominate a topic of research in which they are proficient and for which they would like to receive funding. In Singapore, the opposite dynamic seems to prevail, with the majority of funds dedicated to targeted grants on specific topics of interest to the government. Our main intent in presenting several cases is to provide a practical look at various governance frameworks and to extract empirical applications.
Analysis of governance functions in health research funding institutions by case a) Intelligence acquisition 'Intelligence acquisition' refers to the means put in place by funding institutions to acquire their strategic knowledge and expertise. The design of funding institutions' strategic actions might be influenced by the policy domain, for example, by government authorities or ministries. In such a situation, these inputs come from a logic of top-down representative democracy. A mixture of bottom-up inputs also seems to be widespread in funding institutions, with the participation of direct and indirect beneficiaries of funded health research; indeed, patients, the public and researchers do contribute their share of knowledge to formulate, comment on or format policies. While funding institutions do receive some inputs, they might also look for information directly relevant to their mission as it emerges. To do so and remain open to environmental opportunities, a proactive structure might be put in place to investigate early policy developments of interest to the institution, as is done in the Netherlands ( Table 6 ).
The mobilisation of external knowledge may be complemented by knowledge acquisition on the internal processes of a funding institution. In so doing, the institution presents a strong signal that it is a learning organisation willing to adjust as needed. Internal reviews provide evidence on which to build a continuous improvement dynamic, both within the funding institution and for its external partners. The National Institutes of Health (NIH) explicitly places a high priority on learning processesits strategic plan proposes that it will excel as a federal institution, it reviews its peer-review processes, uses bibliometrics to indicate the value of a programme, conducts PhD workforce analysis so as to better predict the optimal number of fellows the NIH can support, and reduces the administrative burden by distinguishing between unavoidable burdens and those that are merely due to custom or habit.
As a conclusion to the dimension of intelligence acquisition, one operational and empirical application would be to consider the following aspects:
Top-down versus bottom-up influence of outsiders Proactive versus reactive knowledge hunting Presence versus scarcity of organisational learning procedures b) Strategy formulation 'Strategy formulation' refers to the exchange processes that guide the actions of founding institutions. It can take the form of developing founding documents and principles. The evidence to feed such long-term and structural decisions comes from insiders from the health research system, researchers, academics, health ministry representatives, and so forth. It might also derive from the ultimate beneficiaries of health research (citizens) and those outside the system (congress members, etc.). Another difference between the funding institutions that are developing their long-term vision, mission and policies is their openness and integration of non-healthrelated actors and whether it is solely focused on the health sector or not. Some institutions call for medical providers and health institutes to collaborate on the design and elaboration of a strategy. However, because the health sector opened up decades ago to the wide range of determinants of health, it is now well established that the health of the population is largely dependent on interventions made in sectors that do not fall under the jurisdictions of health ministries. Therefore, the involvement of non-health-labelled institutes and representatives is or has to be considered by funding institutions; for example, Australia's funding institution opens its strategy to online commentary from any sector ( Table 7) .
As a conclusion to the dimension of strategy formulation, one operational and empirical application would be to consider the following aspects:
Research insider versus research outsider Single health sector versus multiple sector inputs c) Resourcing and instrumentation
'Resourcing and instrumentation' refers to the tools that are put in place to finance, fund and support the development and implementation of an institution's strategy. Financing is the act of collecting and receiving money to run the institution; the sources of money can be public and/or private. The NIH, for example, is much closer to the private sector than other institutions portray themselves to be. Instrumentation, such as guidelines and policies, is developed for the internal functioning of an institution; for example, the description of selection criteria for committees. Online tools might also be available to support research external to the institutions, for example, the guidelines for university ethics committees as provided in Australia. Support given to researchers might be facilitated through open resources where researchers compete on broad-spectrum grants or be targeted to the needs of some government agenda or ministry priority, as happened in Australia when the then Minister of Health and Ageing requested additional committees (see Table  8 ). The organisational processes involved in providing money to universities, grantees, scholars and research centresboth public and privateso as to implement institution programmes through projects funded can be closely informed to reframe funding schemes. To encourage high standards of research, and highly competitive researchers, institutions look at ways to move forward in a globalised research environment and to support researchers accordingly. Sweden, for example, is reflecting upon researchers' mobility. To align with institutions' missions to bring value to the population and improve health, institutions such as those in the United Kingdom, propose a model of reporting in which care is explicitly taken to use plain English in order to favour clear communication of funding applications (Table 8 ). In this way, institutions encourage both international engagement and the translation of research results into health practices.
As a conclusion to the dimension of resourcing and instrumentation, one operational and empirical application would be to consider the following aspects:
Providing support material for the entire research community versus restricting it to grantees Providing open grants versus targeted grants Pushing or not for linkages to healthcare benefits Questioning or not competitiveness in a globalised research environment d) Management of relationships 'Management of relationships' refers to the preoccupation with interacting in meaningful and constructive ways with the institutions' partnersbe they insiders • CIHR shall answer to the minister's request for advice (CIHR Act)
• Achievements of CIHR available in implementation reports, audit reports, international reviews
• Input from scientific directors of institutes for the strategy of CIHR of the institution, such as the heads of the constituting institutes of an institution at CIHR Canada, or outsiders such as politicians or institutions unrelated to the health sector. Some institutions run activities and set seats on boards for their internal partners (CIHR scientific agency, see Table 9 ). They might also connect with outside funding institutions to set up multi-institution funding for innovations or grants covering boundary work and transversal research. Such efforts to build up complementary programmes and to invite collaborators might be customary or recurrent. Over time, such recurrent relationships and exchanges with outsiders become institutionalised in the institution processes. They might also be at the pilot-testing phase or in an early development stage, when institutions establish bridges with partners on a more intermittent basis. In 2005, CIHR in Canada organised a pilot project with parliamentarians named 'Health Researcher's Day on the Hill', and planned to send newsletters to members of Parliament three times a year since 2012 [41] ; in Sweden, researchers and politicians are convened to a shared event on a yearly basis.
As a conclusion to the dimension of management of relationships, one operational and empirical application would be to consider the following aspects:
Internal versus external partners Intermittent versus recurrent partnerships e) Accountability and performance 'Accountability and performance' is the process by which a funding institution follows its own development and activities and is reflexive about its governance capacity. Because funding institutions might or do oversee the quality and integrity of the research they are funding, some have developed procedures to ensure high standards for research quality. Follow-up on research quality can take the form of inquiry into fraud in attributions of funding and the manipulation of results. Sweden, stricken by the Macchiarini case on gross scientific misconduct [42] , installed a Research Misconduct Board to address such issues. Publishing information online regarding, for example, • Government and policy-makers contribute to the discussions and decisions of the advisory committee for eligible programmes to fund who sits on committees, who receives funds, and what type and amount of funding is received is another transparency mechanism employed by funding institutions such as CIHR in Canada and the NHS in the United Kingdom (Table 10) . Additionally, what happens behind the closed doors of granting committees might take different forms. It might address the internal processes of committees, their selection criteria or their mandates, or it might address the committee's final decision regarding the list of grantees. An institution might therefore focus more or less on disclosing its internal procedures or on its committees' final decisions.
As a conclusion to the dimension of accountability and performance, one operational and empirical application would be to consider the following aspects:
Disclosure from process to results Follow-up on diverging behaviour or not Whether to put committee-related information online or not • Collaboration with the EU on different projects
• Collaboration at international level on specific programmes (i.e. Heads of International Research Organisations)
• Practice-oriented design and assessment of research proposals with patients, city councils, etc. In conclusion, we extracted a few specific operational dimensions salient to the governance of health research by funding institutions (Table 11 ).
Discussion
We would like to discuss the validity of the framework for governance of health research funding institutions.
One could argue that the framework is not valid because it is based on a limited set of existing frames. Here, it is assumed that a sample is sufficient for the identification of elements of governance. A framework can be developed from a deductive approach, mobilising a catalogue of theories and knowledge from scholars. It can also be developed from an inductive approach, this time mobilising hands-on knowledge from the institutions themselves. We mainly borrowed from both approaches to develop the integrated framework, being rooted in practice, and also keeping an open door to the approaches of scholars who might have previously developed deductive frameworks. The literature refers to publications by Rani et al. [10] and Pang et al. [33] , both of which use practitioners' consultations to draw their framework.
The strength of the integrated framework will also rely upon developing it on high variability cases, including internal variability among institutions and external variability among the institutions' national environments. The selected institutions of this study cover all health research topics rather than simply topics that fall under unique categories of medical research (e.g. stem cell), social sciences and humanities (e.g. management of primary care), or engineering (e.g. radiation therapy); they are quite homogeneous in that regard. However, at this stage, we applied the integrated framework to seven cases, and observed a wide variability of capacities within each research funding institution. In the United States, the NIH was created in 1930 and cumulates almost 90 years of experience, whereas the United Kingdom's National Institute for Health Research was the last to be established in 2006, from the evolution of a previous agency. Canada's CIHR operated on around US$ 800 million in 2017-2018 (equivalent to over CAN$1 billion), whereas Singapore's National Medical Research Agency mobilises about half that budget, at US$ 492 million in 2016, leading to a population equivalent of approximately one-seventh that of the Canadian one. Having highly variable internal capacity and yet still portraying a similar set of governance dimensions reinforces the strength of the framework, especially its governance functions. Following a similar line of reasoning, all seven cases operate in diverse national environments and still present consistency through the presence of the five governance functions. Altogether, we argue that the variability of cases reinforces the validity of the governance functions.
Another issue that might arise is that selected institutions might not make it possible to portray the extent of the dimensions of governance at stake. The dimensions first come from the review of frameworks in use, which were then put to the test on seven cases. Notice that we do not intend here to claim that one funding institution is doing a better job than another, or to compare across cases; the highlight is on dimensions, not cases. Any initial dimension that was irrelevant can be expected to be absent from cases, though this was not observed herein. All five governance functions were indeed mentioned by all seven cases. Additionally, one could argue that, initially, we might have missed a dimension important to were to be absent in one or more cases (especially for institutions outside Canada, Australia and the United Kingdom that were also feeding the review of the frames), and it could temporarily validate the importance of an initial dimension that was present in all cases, yet it cannot validate the extent of the governance functions. Note that this study by no means provides an exhaustive list of HRG settings and mechanisms in selected countries, nor does it compare which funding institutions perform best. Additionally, the intent of this analysis of actionable functions is to identify pragmatic actions under the dimensions (only in terms of governance) of the framework rather than to assess the same institutions on these dimensions.
Although research is ultimately undertaken by researchers in public or private organisations, universities, institutes and centres, we do not intend to provide a framework for institutions hosting research projects, for example, organisations such as the Saskatchewan Health Research Foundation, which recently published a governance framework and policies, mainly for its board.
Conclusion
Two main contributions come out of this work. First, we bring a conceptual contribution for scholars in the field of governance and health research. We developed an encompassing framework for the governance of health research by national funding institutions. The framework contains 13 functions, wherein 5 are dedicated to governance, 3 dedicated to management, and 5 dedicated to transversal principles that apply to both governance and management. The framework grew out of the combination of existing governance frameworks for health research funding institutions. Second, we bring a practical contribution for high-level managers in charge of governance of health research funding institutions. The framework was broken down into operational dimensions of governance to render the governance function of the framework more actionable. The operational dimensions are extracted from a multiple-case study of seven selected health research funding institutions from North America, Europe and Asia, and the specific actions they put in place to exercise their governance, especially regarding intelligence acquisition, strategy formulation, resourcing and instrumentation, management of relationships, and accountability and performance.
The framework is useful in several ways, namely to point out low-level governance and to track, measure and forestall it. In a sense, pointing out low-level governance can help funding institutions by illuminating whenever one or more functions are given little to no attention. An institution that does not manage partnerships in a diverse and efficient way, seeking out inputs from one or two key players in the private sector, for instance, will be poor at answering the health challenges of its population. It will not perform as well as an institution with open processes that feed the debate as to which challenges must be addressed in the health sector and other sectors that determine the health of the population. Though one institution might, at its inception, choose to focus on one privileged relationship with a specific national partner, governance maturity towards more encompassing actions for improving health through research will, in the long run, rely on a more diverse set of partnerships.
The framework can help in tracking the maturity curve of governance for an institution. Take, for instance, an institution willing to shift gears towards stronger influence in health researchsurely tightening ties with partners or focusing funding and exploring wider funding contributors would be an option. The framework could be starting material for performance measurement on the institution's governance. It could help to develop indicators on each function so that a board can follow-up changes in governance styleputting more or less emphasis on intelligence acquisition or on accountability, or else putting more or less emphasis on some more operational aspects of governance, for instance, acquiring intelligence from institutions' top influencers, such as politicians, or else making sure citizens get a stronger voice in the governance discussion of institutions. Finally, the framework can be of use to forestall unwanted shifts in governance. Being aware of the current type of governance of the institution, leaning more or less towards one function or another, being more or less prone to the top-down or bottom-up influence of outsiders, for instance, merely implies the institution could take measures against travelling down a road it did not intend to take.
What is left to be done regarding governance of health research funding institutions? We suggest four avenues. Governance does not stand alone as a single action that high-level managers run. Governance is underpinned by principles, or in other words, by what it means for those institutions to operate 'good' governance. We suggest those principles are ethics, transparency, capacity reinforcement, monitoring and evaluation, and public engagement. These compose the underlying know-how that applies to either governing or daily management. Further investigation is needed into what it means, in operational terms, to engage the public in accountability or in resourcing, and the like. Additionally, governance runs hand in hand with daily management. Further thought must be given to the complementarity of governance and managerial functionswhat does it mean in operational terms? Additionally, and perhaps more intriguingly or more promisingly for better health research, what are the operational governance actions that are in contradiction with some of these operational management actions in place in funding institutions? Finally, in some countries, provincial research funding institutions are key players in funding research and might or not align with national governance standards. Investigating governance functions and actionable functions for provincial funding agencies is an avenue. The same governance and management functions would likely apply to any organisation across health research. The ways in which each function translates into operations in practice is more likely specific by level.
